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C1) SUSY tronsf. 2. Superfrelds
- Supermulsiplet = { porvide, superporther §

{s=0 , s=2} : chiral supenfield
“squork”  quork. MATTER_
nﬂw# "P‘"’"'

higgs  “higasine”
{s=1, s=t}l : vector superfreld
*qougine”  goupe boson FoRCE.

{fasg san] grovidy sypermu [tiplet
“Qrovitino®  groviton FRAVITY

' A Compact way fo desoribe Supermultiplet
: Superfield

Contai ?
#mm 8 Lermion in the
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Su ce ad S eld

. Intreduce %, 8% $or Sermamic qenernters Qa, Q3
fermianic coordinees (Wﬂ) (9,a#,a)

(m/oa/ Sl O 13.)

- Spacetime is exvended with SUSY,

Point in Minkauski space =  in Superspace

X x4 69 64
Freld in Minkaosk: sace —>  in Superspace.
& x) Bx* g, §4)

Csuperfield )

6.0 : Gressman voriables (farmionic)
184,60 t = 162,8;1 = {F.,8: =0 45,0, =0
J.dﬁa =\FJ§&=0
[d8a6a = [98:5; = |

ﬁ{B) R +c,e.ﬁ +q‘££ + (o mare)

#f‘_ 0%ba = 'ﬁ’ai +60a
=0'9*-6°0"



- We con express SUSY algebra in terms of
commutaters (or Lie n{gobu) with 6.8 .

M;,E;j =2 U'J'qpe..
{Qa, @Yy = @5, @3} =0
[P @al = [PY @l=0

[64.%41 = = py~»§ B
[6@, 21 =LH&,6@1=0
[P, 6@l1=[P2Bal=0
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- Group elowert o SUSY roncf
GrI-G;EJ = ei:’ﬂ*‘;‘—ﬂ'f’l

Cin anology of grovp element of Lie algebre )

- §0,%,F) Gx,0,8)

= @ ifxa+¥da1 eil:nd’ﬁ-t-'r":l

= e;E{'*J}ﬂ HE+HA- (Xx+ibrY -1YTH)-P1

E’V Baker — Campboll - Hausderf@ Sormula. 9. SUSY algebry
( eA EE & eﬂi-ﬂui'i‘lfﬂ,!.! 4o )

=G(X+i0rT-iyvh, 0+43,0+F)

, Hulﬁpli‘nﬁm of group elomont induces
@ wetion In poremeter Space,

#(%,6,8) i# Bxsior¥ -ixvg,6+r.6+%)

= gx0,8) + I gex.05)

(ss,{ - TN _ 4\ inBireand
= i[rat+3aly SusY ensf



- This motier com be gancrated by the
differential operetor form.

ds Fx.6,8)
= ¢LIQ+IQIFx6.8)
= L3 i rliFiy) + T -0l )] £
= Qa = Qd
in differontia] operater forms
(ﬂ"'!"d] : By=i8y)

> 3 = s
(315 0% - 3i'ﬁ;>
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* Most general form of superlield Z¢x.8,8)
in power series of 6,6 :
Bx,6,8) = P +EPex> + 6 Xex>
+ G0 F@) +FFH=) + 0T/ Aptx)
+ 0082 x) + 86 OFex) + 6686 Dex)

Compoments /| ¢, F, H, D : sealars (s=0)
P, X, 2, 3 eyl spimrs cs=')
AJ' . Vector Lo:un Csal)

Cf. gravitonCs=2), gravivime Cs=24) emerge
aly in goneral coodinete transf. invoriance
C General Relotisiny) .

Ppss —> v
A e T CYCH t
(s=a) “Fc.f"%) %’;—)



‘ ﬁ ={‘PJEH*DJ ﬁli‘.x‘s'&’t

irveducible Susy mwiviplet
= {13y, 12+t
2> Give some cmditions do wost genere) &
to find some irreducible superfrelds.

Diff =0 = fwns out @= N chival apenfeld
Dagf =0 — & = RN chival siperfreld
’ n.ﬁ‘r -k ﬁnMWﬂJ

( Da, Bg = SUSY cavariant derivatives )



+ SUSY _covariant derivatives

© Infineesing] U sym  tronsf ( dﬂfn‘,/)
&g > & +j_/_&£_
= ing
Try O :
F > Yg + GNP + AGH
Q) % ACOA) Lilany
Define Qu = 8, ~iQAu U covormnt deratie
Duff > Rug + iACuB)
FCQu) = IACE)

Covariant ( ~trewsf. as &)

: Siu‘illr/ly Lor SusY m'?
gd—> g+ ‘it!ﬁ+5’.€)£
Ef=ia+Ia) L
5 T B SUS 7
e e | Loz
Di® -3 - 1040y 9,



ca) Chiral and Vecter Supernfields
- Lefr-Hoded Chirgl SuperPield

Da p‘m.o..E) = 0
g=3 = Po +IZ§Pon) -if0+F 3,900
+ & 00 Yo VG - L 99dF %4 pex> -69Fw)

¢ : scalor Cseo)
¥ : Weyl spiner Cs=ly

F - ﬂwﬂm/ twlw;s.'d ) field
( repleced by others ofrer EoM is tuken)

> No Zx> e Autn.
CRH chire| spiner)  Grecier besan)

> & is the Lefs-Hamded chiral superfield.
“0)',]3;).5

- infinivesimal SUSY transf of compomert folds :
BP =3IP (&2F)
Ss Yo = -2 FJa -FEU‘{;%‘? CF=8)
WF = 9 (-iJaPrr3) Cowr.>ioral deriwive)
Obrain by [ T 25 +EOSP + -+
e S = L [30(-ia +q2F%9,) + 1 8



+ Right -Haded  Chiral  Superfied

Dugx,6,6) =0
F=387 (comjugete of LH Chival aypefield )
= @%@ +IEFPpo +idTF, %00
- & 56 67 3, Box> - 6966 3%, 9% -66 Fo



- Vectsr  Superfield
Px,0,8) = gtcx6,8)

In Wess-Zimiro gouge [ ok
- (fa;l;?; W-? M)
Fg=V =0v Gy, +i6665 -i666) + 26066 D

Vi @ Vector bason (gage) <s=1)

A w'yl Spiner (govwgine) (5='/a)
D 1 Quxiliary Cunphysical) frelol

2 Vs the vector superfield. {15510}
ransforms  as Qeljoint represemtation
eV’ iy e-iﬂf e'l/ e?f'\
. inlinivesimal SUSY Aromsf of comparnent Lields

T = -i0Fa ~ (o F2), T AV - Vi) (Fap)
SW'=i(ITPS =2T# ) - ¥ Cex + ¥X) cgop)
3D = 8, (-3TV} +3Pv X)) ¢ aux. > fof. dervatie)



* Renormalizable SUSY 7
C before GnuJi '*Hl‘)l)

L=Jeoss ale + (Jeo fe3) + me)

/-Supa-po-twﬂnl . -P(i) = ;'ﬂhjﬁ:ﬁj "'?A‘.i"!’-'ijgh
H-‘aher +erms are HNOT remorwalizable
Bler-Logrange &. = ;¥ = - ia{;?ﬂ = =M ks 4
Quatiliary
Scalar
L = 391" +iRTIYY,
KE of QY (derrm-r:‘ue)
- lm;jcpJ "")‘ijl‘?i%‘; _I”‘Ii‘h?‘;

scalar int, & mass aP ‘P,fP (eTun{J
_')“jll-lpi#ﬁ?k
Yukawa int.




* Gouge Interaction (thru Minimal Caspling)

" Vecior Surg-P;,H
Jeees ats —> Je097 3tevs

= 1,P|* +ipT’DP +iglZ (P2 -2$ 4)
,guuﬂe—a-lﬂna-l'h Yukowa
ameng. 9, Y, A

gavge 5 matter int,

+89*D9 + |FI¥

srqfar int .
D = 9 + i\ T
Cul‘k-].namaq . - D‘= '31‘:5‘9.* T-.:;f]‘

Additimal W2 =D e VpleV (-P‘efo‘ )
Jd-‘ﬂ 3;31. u*wi, + 'H.C,

nSRELTY -l
K £. “-p ﬂ-ﬂuae X.E _jﬁﬂua.mu
.'. Dnbt + _!B_-Plht) “—- WE + H;C,

sco.lnr int, anuﬂg & i.nu.stna lht




% SUSYic Gauge Thm/ >

Zsusy = Je0od 21 €"8;
v Joo fedy & [aef £eat)

+ ‘Yd'ﬂ .-!-;_—J;'H‘W.: + Sd“g-a—;-i; E,"EJ—';'

V = V* T?
J@) = '..:T."‘l:jﬁiij + ";—Aﬁkiiisﬁk
We = B*[ evpye’ ]

Includes ingredients of SM
kinetic +term o2 4,9, V,
Yu‘(ima int, D'E ‘lP'q"[’

Salar int. u-P CP

gavge —matter nt. KUY, VL&Y
We’re almest ready fo- SUsYie SM.



(3) Sobt Breskmg of SUSY

+ SUSY ., W i+ exists , must be broken,
(€ yuay whie e=o5Ge/ tLEF:])

© Sportaneaus Sym breaking. is fine.
The vacuum is mot Symmemic
but Lagrengiar is.

* Is SusY broken spartemecuwsly ©
Net successful to make realistic models.

If SusY iz of lagrangian level, \
Str M¥= (- careymy =0

Em —azm) tazm =o

for each set of quontum  Mumbers. -
Ry E--_-;-J clor = Red :

f-"":-fim:-l- m:+m€3 =0

~ Ho Gey>
- hewviest M, £ G/ ( e . m)




- SUST is brokew erpli‘:i‘+>v.
But NoT mﬁﬁmﬂ/.

i we SHll want SUdY 0s @ sdution of
gauge hitrmly problem (A*-div concellation)

+ Only 4 terme con break SUSY esplicit
while keeping. A™-diy cancellotion

C Soft b"\.‘ﬂkﬂe ferwes )
Scalar mass : —-m)e >
gaugine Mas : - = W;
trilinear Scalar int 1 —Aijk P PPy,
bilineayr Scalar int : "bﬁ‘htll;

)eernrﬂ-l mats ,  Juertic acalor int, -
are NOT allowed o8 sofy breaking. terms,

B awid Creating. ancther -ﬁwt-wnrn.g._,
sofs Mm should be 7eor El) saale.

> Sperporiner mass £ C(1Tel)
LHC may Lind sSome of them



@. How o understand

TolRp e e S

No-+ S}mnﬂ/ at all 7

A fim a result of  Spentaneas SUSY breaking.
in o Jfundamentef fﬁtah E) 'l“'liﬁ'-/

H‘gln E 5“"""'&'““)’ ( locad SUSY)
e’F[ i(30Q + Q- a*w P )]
8ra vity U (tiple+ =

lw E Yoo-E  ghbal SUSY
epLi(¥R+IR-a"P)]
No grevity multiplet
Renormelizable
Seft Breaking.



*Summ/

[.  Spocetime is extended.
KM > X¥, 8% 5%  Csuperspace D
BCX) > BCX,6,6)  Csvperfield D

2. TTwo mportant svperfiolds ‘o cmswuct
lac-E  SusYie Lograngian :
{s=0,5=31 :chiral superficld ('5&§ =o)
{s=3, s =1 :vector sperdield (VT=V )

- SUSYie lLagremgian can provide of] €M
ingredients

We will build SUYie SM  next +ime.

¥ SusY is breken exphtw 9! sofy hrnlr-bue.
terms ot TeV-sale.
pProbdedle at+ IHE or NLC



